The harmonic response and resonance frequency behavior of the spring supported FGM beam against the lateral motion for the various values of support stiffness at the ends are analyzed by using the force transmissibility parameter with the finite-element method and Lagrange's equations. The steady-state responses to a sinusoidal varying force are determined for the support reactions in a frequency domain. The problem is solved within the framework of the Timoshenko beam theory. For the convergence study, some of the results are compared with previous works' values, and a good agreement can be seen. The study concludes that the support stiffness, volume fraction coefficient and the ratio of young module level all strongly affect the natural frequencies and the force transmissibility. For some values of spring stiffness of support, the rigid body motion of the beam occurs and reduces the effect of volume fraction coefficient on the natural frequencies.
INTRODUCTION
Pure metal usage is limited in engineering application since the application may be in need of a material which has almost opposite properties. For instance, there may be a material requirement for an engineering application, like a material having both a good strength and a temperature resistance. The alloys serve that purpose to a certain extent but they have some limitations varying by their production method, like the thermodynamic equilibrium limit, the difficulty of alloying the two different materials having melting points quite a change. The composite structures can also combine two materials having different properties, but they have a disadvantage too. When two materials constituting the composite structure have a different coefficient of expansion, separation at the interface of the composite can be seen in high temperature.
In order to overcome the problems above, especially the problem of composite structure, in a space plane project, Japan scientists came up with an idea of functionally graded material (FGM) in 1984 during. Since material and mechanical properties of FGM vary gradually from one surface to another, it cannot be seen as a separation. Despite the difficulty in production of FG material, the wide range of application areas and above-mentioned advantages drive the researchers to study FGM structures like beams, plates and shells in the last decade. Sankar studied the elasticity solution of the functionally graded beams subjected to transverse loading 1with the assumption of Euler-Bernoulli beam theory. 1 The material properties are assumed to vary exponentially through the thickness. He showed that the beam theory is valid for long, slender beams with slowly varying transverse loading. Aydogdu and Taskin investigated the free vibration of simply supported functionally graded beams by using various beam theories. 2 The beam theories that they used to investigate the free vibration of the simply supported FG beam are Euler-Bernoulli beam theory, parabolic shear deformation beam theory (PSDBT) and ex-ponential shear deformation beam theory (ESDBT). Material property variation through the thickness is considered as the power law and exponential law.
Simsek and Kocaturk investigated the free and forced vibration of a functionally graded simply-supported beam subjected to a concentrated moving harmonic load. 3 The material properties are assumed to vary through the thickness according to the power-law method. The Euler-Bernoulli beam theory is used while driving equations. Su et al. developed the dynamic stiffness method to investigate the free vibration behavior of functionally graded beams. 4 They derived the governing differential equations of motion and natural boundary conditions for free vibration by using Hamilton's principle. A parametric study is carried out to demonstrate the effects of the length to thickness ratio and the variation of the power law index parameter. Suddoung et al. investigated the free vibration response of the stepped beams made from functionally graded materials for the various types of elastically end constraints. 5 The differential transformation method (DTM) is employed to obtain natural frequencies and mode shapes of stepped beam. The step ratio, step location, boundary conditions, spring constants and material volume fraction values were taken into investigation parametrically. Li proposed a unified approach for analyzing the static and dynamic behavior of functionally graded beams with the rotary inertia and shear deformation. 6 Primarily, Timoshenko beam theory is considered. Euler-Bernoulli beam theory is obtained by reducing from the Timoshenko beam theory. The material properties are assumed to vary through the thickness according to the power-law. Yu and Zhong presented a general two-dimensional solution for a cantilever functionally graded beam with arbitrary graded variations of material property distribution in terms of the Airy stress function. 7 Kapuria et al. proposed a finite element model for the static and free vibration analysis of the layered functionally graded beams by using third order zigzag theory. 8 They estimated the effective modulus of elasticity. It is also validated by experiments for
